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Abstract —  Increasing  public  awareness  of  living  a  healthy  life,  causing  red  beetroot  demand  in  Indonesia 
has  increased.  However,  with  increasingly  limited  area  of  the  plateau  to  the  development  of  the  plant, 
causing  its  development  are  directed  to  dry  land  are  still  many  obstacles,  such  as  limited  availability  of  water 
for  the  plant  level,  and  the  high  air  temperature.  Therefore,  research  that  aims  to  obtain  information  about 
the  right  water  needs  and  tolerant  varieties  on  dry  land  needs  to  be  done.  A  greenhouse  experiment  was 
conducted  in  UB's  experimental  station  in  Jatikertot  village  from  June  to  September  2019.  This  study  used  a 
randomized  complete  block  design  (RCBD),  consisting  of  10  treatment  combinations,  namely  the  volume  of 
water  supply  (350,550,750,  950,  and  1150)  mm  water/season  +  varieties  (ie  Vikima  and  Ay umi),  repeated  3 
times.  F  test  at  5%  is  used  to  determine  the  effect  of  treatments,  while  differences  between  treatments  were 
referred  to  Honestly  Significant  Difference  (HSD)  value  at  5%.  The  highest  yield  which  includes  chlorophyll 
a-b  content,  stomata  density,  root  length,  leaf  surface  area,  total  dry  weight  of  plants  and  fresh  weight  of 
tubers/  plants  was  obtained  in  water  supply  volume  of  1150  mm/season  +  Ayumi  varieties.  While  the  lowest 
was  obtained  in  the  volume  of 350  -  550  mm  water/season  for  both  varieties  for  all  variables  observed. 
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I.  INTRODUCTION 

Red  beetroot  ( Beta  vulgaris  L.)  is  increasingly  popular 
in  Indonesia  because  its  tubers  can  not  only  be  used  as  raw 
materials  for  the  cosmetics  industry  or  natural  dyes  but 
more  importantly,  it  can  be  used  to  maintain  the  health  of 
the  human  body  [18].  The  extent  of  such  utilization 
associated  with  full  enough  minerals  such  as  potassium, 
magnesium,  phosphorus,  copper,  and  iron  contained  in  the 
bulbs.  Vitamins  A,  C,  D,  E,  K,  as  well  as  protein,  fat, 
carbohydrates,  sugar,  fiber,  calories,  and  even  betasianine 
and  folic  acid  were  also  found  in  these  tubers  [25  ] .  Due  to 
the  fairly  complete  content  of  nutrients  and  vitamins,  red 
beetroot  can  be  used  to  prevent  cancer,  reduce  blood 
pressure  and  maintain  heart  health,  help  facilitate  digestion, 
and  weight  loss  [18  ].  Based  on  the  importance  of  such 
utilization,  the  demand  for  red  beetroot  in  Indonesia  has 
increased  by  around  2  to  5%.  However,  the  request  can  not 
be  fulfilled  because  of  the  limited  level  of  availability  of 
these  tubers. 


Red  beetroot  are  generally  planted  in  the  highlands 
which  are  marked  by  low  temperatures,  around  22.7  °C  - 
25.1  °C.  On  the  other  hand,  the  growth  of  horticultural 
commodities  in  Indonesia  has  increased  significantly.  As  a 
result,  competition  in  land  use  cannot  be  avoided.  This  is 
the  reason  for  the  limited  circulation  of  bits  in  many 
traditional  markets  or  supermarkets  in  Indonesia. 
Therefore,  in  an  effort  to  increase  the  production  of  red 
beets,  the  development  will  be  directed  to  dry  land  whose 
land  is  still  quite  large.  However,  with  the  many  obstacles 
that  must  be  faced  in  farming  on  dry  land,  causing  this  land 
cannot  be  fully  utilized  for  agricultural  activities  [11  ].  One 
obstacle  that  must  be  faced  in  red  beetroot  cultivation  in 
dry  land  is  the  high  daily  average  air  temperature  which 
reaches  24°C  to  31  °C  [21].  At  high  temperatures,  as  long  as 
it  is  within  the  tolerance,  they  have  a  positive  effect  on 
plant  growth  and  development.  However,  when  the 
temperature  has  exceeded  the  tolerance  limits,  its  impact 
on  plant  physiological  disorders  due  to  damage  to  the 
enzyme.  High  temperatures  will  also  spur  faster 
transpiration  rates,  and  if  not  followed  by  adequate  levels 
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of  water  availability  in  the  soil,  plants  will  experience 
water  stress.  Moreover,  one  of  the  main  constraints  on  dry 
land  is  the  low  level  of  availability  of  water  for  crops.  In 
water  stress  conditions,  the  leaves  of  the  plant  appear  to 
wither  due  to  the  inhibition  of  protein  and  chlorophyll 
biosynthesis.  Water  shortages  also  resulted  in  inhibition  of 
initiation  and  differentiation  on  the  apical  meristem  and 
cell  enlargement,  which  leads  to  the  inhibition  of  the 
development  of  roots,  stem  extension,  and  expansion  of 
leaves  [12].  The  next  impact  is  more  rapid  aging  plant  or 
senescense  that  causes  the  rate  of  photosynthesis  decreases. 
Considering  the  important  role  of  the  water,  research  that 
aims  to  obtain  precise  information  about  the  water 
requirements  of  red  beetroot  plants  in  dry  land  needs  to  be 
done. 

Besides  water,  the  selection  of  the  right  variety  is  also 
the  key  to  the  success  of  red  beetroot  cultivation  in  a  dry 
land.  This  is  because  there  is  no  precise  information  about 
the  level  of  water  requirements  that  are  appropriate  for  red 
beetroot  plants  that  are  planted  on  dry  land.  Therefore, 
through  this  research,  it  is  expected  to  be  able  to  give  the 
right  answer  about  the  level  of  water  requirements  that  are 
appropriate  for  red  beetroot  varieties  grown  in  a  dry  land. 
This  information  becomes  important  which  is  not  only 
focused  on  the  yield  of  tubers  but  also  useful  as  a  guideline 
in  the  management  and  maintenance  of  red  beetroot  plants 
in  dry  land.  Basically  every  plant  has  a  different  character, 
and  one  of  them  can  be  expressed  through  the  ability  of 
varieties  to  adapt.  For  tolerant  varieties,  they  will  still  be 
able  to  grow  and  develop  normally  even  with  new 
environmental  changes.  However,  for  sensitive  varieties 
will  show  symptoms  of  withering  as  a  result  of  the 
inhibition  of  protein  and  chlorophyll  biosynthesis  [  19  ]. 

II.  MATERIALS  AND  METHODS 

2.1  Description  of  the  study  area 

The  greenhouse  experiment  has  been  carried  out  in  the 
Universitas  Brawiyaja  Experimental  Garden,  located  in 
Jatikerto  Village,  Malang  Regency,  Indonesia  from  June  to 
September  2019.  The  location  is  located  at  an  altitude  of 


330  m  above  sea  level.  Climatologically  the  average  annual 
rainfall  is  around  1200  mm  with  an  average  daily 
temperature  between  24°C  -  31°C.  The  soil  type  is 
classified  as  Inceptisol  with  dusty  loam  texture  with  the 
proportion  of  sand  (28%):  dust  (60%) :  clay  (12%). 

2.2  Research  material 

As  planting  material  is  Vikima  and  Ayumi's  red 
beetroot  seeds  of  varieties  which  has  been  aged  18  days 
after  sowing.  Polybags  with  a  diameter  of  20  cm  as  a  place 
of  planting,  and  dusty  loam  soil  tekstur  as  planting 
medium.  N  fertilizer  in  the  form  of  urea  (46%  N), 
phosphorus  (SP36:  36%  P2O5),  and  potassium  (KC1:  60% 
K2O)  respectively  of  250  kg  urea  ha'1,  50  kg  SP36  ha"1,  and 
50  kg  KC1  ha'1  were  applied  in  this  study. 

2.3  Determination  of  field  capacity 

Measurement  of  field  capacity  in  this  experiment  is 
necessary,  due  to  the  uniformity  of  the  water  content  in 
each  of  the  planting  medium  (polybags)  on  all  treatments 
before  giving  water  treatment  applied.  The  method  used  is 
free  drainage,  which  according  to  [10]  the  stages  are  as 
follows:  First,  the  soil  that  will  be  used  as  a  planting 
medium  is  crushed,  then  air-dried  and  then  sieved  with  a 
sieve  with  a  diameter  of  3  mm.  The  sieved  soil  is  then  put 
into  a  polybag,  as  much  as  8  kg/polybag,  then  filled  with 
water  until  it  drips.  Soil  that  has  been  saturated  is  then 
stored  for  2  x  24  hours  until  no  longer  dripping,  and  then 
weighed,  expressed  in  weight  of  wet  soil  (WWS).  The 
WWS  is  then  oven  at  a  temperature  of  108°C  for  1  x  24 
hours  to  get  the  soil  dry  weight  (DWS).  Field  capacity  (FC) 
is  determined  using  the  formula: 


WWS  -  DWS 

FC  = -  X  100% 

DWS 


2.4  Determination  of  water  supply/day/polybag 

Determination  of  water  provision  is  based  on  (1)  the 
value  of  crop  coefficient  (CC),  (2)  the  value  of  HLO,  and 
(3)  the  volume  of  water  supplied/season  (Table  1)  [  7  ] 
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Table  1.  Water  supply  volume/day  based  on  crop  coefficient  value,  HLO  value,  and  water  supply  volume/season 


CC  of  red  beetroot  plant 

HLO  value 

Volume  of  water  supplied  (mm)  / 

season 

Phase  of  plant  growth 

Long  phase  of  plant 
growth  (days) 

CC 

value 

Initial  growth 

15 

0.72 

2.2  x  106  kg  of  soil  /  ha 

350  mm/season 

active  vegetative 

15 

0.81 

2.2  x  106  kg  of  soil  /  ha 

550  mm/season 

tuber  formation 

35 

1.04 

2.2  x  106  kg  of  soil  /  ha 

750  mm/season 

Tuber  enlargement- 
harvest 

15 

0.70 

2.2  x  106  kg  of  soil  /  ha 

950  mm/season 

Total 

3.27 

2.2  x  106  kg  of  soil  /  ha 

1150  mm/season 

Based  on  Table  1,  it  can  be  calculated  the  volume  of  water 
supplied  /day/polybags  with  the  following  stages  :  (1) 
Convert  the  needs  of  water/season  to  hectares  (eg  350 
mm/season  =  350  1/m2  =  3.5  x  106 1/ha),  (2)  Determination 
of  water/  polybag  requirements  is  based  on  the  calculation 
of  water  requirements/ha  divided  by  the  value  of  HLO, 
multiplied  by  the  weight  of  the  soil/polybag:  [(3.5  x  106 1  / 
ha)  /  (2.2  x  106  kg  /  ha)]  x  [8  kg]  =  12.73  1  /  polybag.  (3) 
Determination  of  water  requirements/day/polybag  for  the 
initial  growth  phase  is  as  follows:  the  results  of  point  2, 


multiplied  by  the  result  of  dividing  the  value  of  CC  (0.72) 
by  the  amount  of  CC 

(3.27),  then  divided  by  the  length  of  the  growth  phase  (15 
days):  [(12.73  1  /  polybag)  x  [(0.72  /  3.27)]  /  15  days  = 
0.18686  1  /kg  /polybag/day  =  186.86  ml  /polybag/day. 

Through  the  same  calculation,  then  in  Table  2  presented 
the  volume  of  water  given  per  plant/  day /  polybag  which  is 
based  on  the  phase  of  plant  growth,  the  value  of  CC  and  a 
long  phase  of  growth. 


Table  2.  The  volume  of  water  supplied/day/polybags  based  on  the  volume  of  water  supplied  /  season,  plant  growth  stage,  the 

value  ofCC  and  long  phases  of  plant  growth 


Phase  of  plant  growth 

Long 
phase  of 
plant 
growth 
(days) 

The  volume  of  water  supplied  (ml)/day/polybags  based  on  the  volume  of 
water  supplied  /  season  (mm) 

350 

mm/season 

550 

mm/season 

750 

mm/season 

950 

mm/season 

1150 

mm/season 

Initial  growth 

15 

186.86  ml 

293.33  ml 

399.96  ml 

506.73  ml 

613.36  ml 

Active  vegetative 

15 

212.22  ml 

333.33  ml 

454.50  ml 

575.83  ml 

697.0  ml 

Tuber  formation 

35 

116.39  ml 

182.86  ml 

249.33  ml 

315.89  ml 

382.35  ml 

Tuber  enlargement- 
harvest 

15 

178.22  ml 

280.0  ml 

381.78  ml 

483.70  ml 

585.48  ml 

2.5  Experimental  design 

Experiments  using  Randomized  Complete  Block 
Design  (RCBD)  and  repeated  3  times.  The  combination  of 
the  volume  of  water  supply  and  varieties  as  a  treatment, 
consisting  of  10  kinds,  namely:  (1)  350  mm  water  /  season 
+  varietas  Vikima  (PI),  (2)  550  mm  water/season  + 
varietas  Vikima  (P2),(3)  750  mm  water/season  +  varietas 
Vikima  (P3),  (4)  950  mm  water/season  +  varietas  Vikima 


(P4),  (5)  1150  mm  water/season  +  varietas  Vikima  (P5), 
(6)  350  mm  water/season  +  varietas  Ayumi  (P6),  (7)  550 
mm  water/season  +  varietas  Ayumi  (P7),  (8)  750  mm 
water/season  +  varietas  Ayumi  (P8),  (9)  950  950  mm 
water/season  +  varietas  Ayumi  (P9),  (10)  1150  mm 
water/season  +  varietas  Ayumi  (P10).  F  test  at  5%  is  used 
to  determine  the  effect  of  treatments,  while  differences 
between  treatments  were  referred  to  Honestly  Significant 
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Difference  (HSD)  value  at  5%.  Regression  analysis  is  used 
to  explore  relationships  between  two  or  more  variables 
observed  [  9  ] 

2.6  Research  implementation 

Transplanting  is  done  when  the  seedlings  have  formed 
two  leaves  that  have  been  fully  open  (around  the  age  of  1 8 
days  after  sowing)  by  placing  one  seed/polybag  which  has 
been  filled  with  soil  8  kg  and  in  conditions  of  field 
capacity.  Phosphorus  fertilizer  was  applied  at  the  start  of 
planting  all  doses,  namely  0.23  g  SP36/polybag,  while 
nitrogen  and  potash  fertilizers  respectively  of  1.14  g 
urea/polybag  and  0.23  g  KCl/polybag  be  granted  gradually. 
Phase  I  is  applied  when  the  plant  was  7  days  after  planting 
(dap)  1/3  of  the  dose,  and  the  remaining  2/3  was  applied  at 
14  daps.  Fertilizer  is  applied  to  each  hole  of  fertilizer  with 
a  depth  of  7  cm  and  a  distance  of  5  cm  from  the  plant  and 
then  covered  with  compost.  The  application  of  the  water 
supply  is  done  after  the  plant  was  14  days  after  planting 
with  the  assumption  that  plants  has  been  able  to  adapt  to 
their  environment. 

2.7  Data  collection 

Observation's  physiological  aspects  that  include  the 
measurement  of  chlorophyll-a  ,b  and  stomata  density  is 
done  at  the  maximum  vegetative  phase  (40  daps).  As  for 
agronomic  observations  which  include  measurements  of 
root  length,  leaf  surface  area,  total  dry  weight  of  plants, 
and  fresh  weight  of  tubers/plants  carried  out  destructively 
at  harvest  (60  daps)  by  taking  four  samples  per  treatment. 

2.7.1  Chlorophyll  content 

Measurement  of  chlorophyll  content  refers  to  methods 
spectrophotometer,  which  according  [  3  ]  are  as  follows: 

Chlorophyll  -a:  (12.21  x  X  663)  -  (2.81  x  X  646), 
Chlorophyll  -b:  (20.13  x  X  646)  -  (5.03  x  X  663). 

2.7.2  Stomata  density 

Measurement  of  stomata  density  using  a  microscope 
with  magnification  40  times  to  obtain  a  clear  visualization 
of  stomata  images.  The  stages  of  implementation  according 
[  6  ]  to  are  as  follows: 

1.  Printing  stomata  at  11:00  AM  with  transparent  nail 
polish  on  the  leaf  surface,  and  slowly  lift  it  when  it  is 
dry 

2.  Stomata  mold  that  has  been  lifted  from  the  surface  of 
the  leaf,  and  then  put  in  a  plastic  bag  that  had  been 
labeled  treatment 

3.  Stomata  observed  with  a  microscope  with  a 
magnification  of  40  times,  until  a  clear  visualization  of 
stomata 


4.  Counting  the  total  number  of  stomata  observed  in  a 
wide  field  of  view  (ie:  257  pm  x  345  pm),  or  equal  to 
0.088  mm2 

5.  Determine  the  density  of  stomata  using  the  formula  [14] 


Number  of  stomata 

Stomata  density  =  - 

Unit  area  of  field  view 


2.7.3  Root  length 

Root  length  is  measured  from  the  root  tip  to  the  base  of 
the  stem,  using  a  ruler 

2.7.4  Leaf  surface  area 

Leaf  surface  area  was  measured  using  a  leaf  area  meter 
type  LI-3100  C  for  leaves  that  had  been  fully  opened, 
excluding  young  or  senescence  leaves.  Leaf  samples  are 
placed  above  the  glass  lens  in  a  non-folded  or  non¬ 
overlapping  position.  Records  were  taken  for  all  sample 
leaves  from  four  sample  plants  per  treatment,  then 
averaged.  The  leaf  surface  area  value  is  determined  by 
multiplying  the  average  value  of  the  recording  by  the 
correction  factor.  Correction  factors  can  be  sought  by 
dividing  the  measurement  value  of  the  actual  paper  area 
(for  example  100  cm2)  with  the  value  of  the  paper  area  that 
has  been  measured  by  leaf  area  meters,  for  example  99 
cm2.  So  the  value  of  the  correction  factor  is  99  cm2/100 
cm2  =  0.99  [24] 

2.7.5  Total  dry  weight  of  plants 

Measurement  of  the  total  dry  weight  of  plant  by  using 
oven-type  OVL  12  with  a  temperature  of  81°C.  Before 
drying,  roots,  stems,  leaves,  and  tubers  should  be 
separated,  because  every  part  of  the  plant  requires  different 
drying  time  to  achieve  a  constant  dry  weight.  The  plant 
parts  that  have  been  separated  then  put  into  a  cement  bag, 
and  then  put  into  the  oven.  Weighing  is  done  after  a 
constant  dry  weight  is  achieved,  then  added  up  [24]. 

2.7.6  Fresh  weight  of  tubers/plant 

Fresh  weight  of  tubers/plant  obtained  by  weighing  the 
tubers  after  being  separated  from  the  roots  and  leaves  by 
using  an  analytical  balance  Scout-  pro  type. 

III.  RESULT  AND  DISCUSSION 
3.1  Result 

Measurement  of  physiological  aspects  is  carried  out 
when  the  plant  is  40  days  after  planting  with  the 
consideration  that  the  plant  has  entered  the  maximum 
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vegetative  phase.  While  the  agronomic  observations  were 
made  at  harvest  time  (60  daps) 

3.1.1  Physiological  aspects 

3. 1.1.1  Chlorophyll  content 


There  was  a  significant  effect  at  p  =  0.05  of  the 
combination  treatment  of  water  supply  and  varieties  on  the 
measurement  of  Chlorophyll  a,  b  content  at  40  dap  (Table 
3). 


Table  3.  The  average  chlorophyll  a  and  b  content  in  various  treatment  combinations  of  water  supply  and  varieties  at  the  age 

of  40  dap 


Treatment 

Code 

Average  chlorophyll  content  (pg/2g  fw) 

Chlorophyll-a  Chlorophyll 

350  mm  of  water/  season  +  Vikima  varieties 

PI 

11.63  a 

0.84  a 

550  mm  of  water/  season  +  Vikima  varieties 

P2 

16.18  abc 

2.47  b 

750  mm  of  water/  season  +  Vikima  varieties 

P3 

16.68  c 

2.55  b 

950  mm  of  water/  season  +  Vikima  varieties 

P4 

17.07  cd 

4.06  cd 

1150  mm  of  water/  season  +  Vikima  varieties 

P5 

30.09  e 

4.30  d 

350  mm  of  water/  season  +  Ayumi  varieties 

P6 

11.96  a 

1.14a 

550  mm  of  water/  season  +  Ayumi  varieties 

P7 

15.68  abc 

1.45  a 

750  mm  of  water/  season  +  Ayumi  varieties 

P8 

16.67  be 

2.45  b 

950  mm  of  water/  season  +  Ayumi  varieties 

P9 

21.50  d 

3.44  c 

1150  mm  of  water/  season  +  Ayumi  varieties 

P10 

31.44  e 

4.50  d 

BNJ  5% 

4.68 

0.80 

Note:  Numbers  are  accompanied  by  the  same  letters  in  the  same  column  are  not  significantly  different  by  HSD  5%.  dap:  days 


after  planting,  fw  :  fresh  weight 


Table  3  shows  that  the  higher  chlorophyll-a  content 
was  obtained  in  treatments  P5  and  P10  when  compared  to 
other  treatments,  respectively  30.09  and  31.44  pg  /  2g  fw, 
and  both  showed  no  significant  differences  at  p  =  0.05. 
While  the  lower  one  was  obtained  in  the  treatments  PI,  P2, 
P6  and  P7,  respectively  11.63,  16.18,  11.96,  and  15.68 
pg/2g  fw,  and  the  four  treatments  showed  no  significant 
difference  at  p  =  0.05.  However,  for  the  P2  and  P7 
treatments,  chlorophyll-a  is  generated  also  not  significantly 
different  with  treatment  P3,  P4  and  P8,  respectively  16.68, 
17:07,  and  16.67  pg  /2g  fw.  Although  the  three  treatments 
are  still  able  to  produce  chlorophyll-a  higher  compared  to 
the  treatment  PI  and  P6,  but  lower  when  compared  to  the 
treatment  of  P5,P9  and  P10.  The  chlorophyll-a  content  also 
showed  no  significant  difference  at  p  =  0.05  in  P4  and  P9 
treatments,  respectively  17.07  and  21.50  pg/2g  fw.  As  for 
chlorophyll-b,  the  lower  results  obtained  in  the  treatment 


of  PI,  P6,  and  P7,  respectively  0.84,  1:14,  danl.45,  and  the 
three  treatments  showed  no  significantly  different  at  p  = 
0.05.  In  treatments  P2  (2.47  pg/2g  fw),  P3  (2.55  pg/2g  fw), 
and  P8  (2.45  pg/2g  fw),  the  chlorophyll-b  content  produced 
was  also  not  significantly  different  at  p  =  0.05.  However, 
these  results  are  still  higher  than  treatment  PI,  P6,  and  P7, 
but  lower  compared  to  the  treatment  P4,  P5,  P9  and  P10 
that  has  reached  4.06,  4.30,  3.44,  and  4.50  pg/2g  fw. 
Higher  chlorophyll-b  content  was  obtained  in  treatments 
P5  and  P10,  although  not  significantly  different  from 
treatment  P4. 

3. 1.1. 2  Stomata  density 

There  was  a  significant  effect  at  p  =  0.05  of  the 
combination  treatment  of  water  supply  and  varieties  on  the 
measurement  of  stomata  density  at  the  age  of  40  days  after 
planting  (Table  4). 
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Table  4.  Average  stomata  density  in  various  treatment  combinations  of  water  supply  and  varieties  at  the  age  of  40  dap 


Treatment 

Code 

Stomata  density 

(field  of  view  (257  x 

345  /  cm3)  /  mm2 

Category 

350  mm  of  water/  season  +  Vikima  varieties 

PI 

111.74  a 

Low 

550  mm  of  water/  season  +  Vikima  varieties 

P2 

123.11  a 

Low 

750  mm  of  water/  season  +  Vikima  varieties 

P3 

172.35  be 

Low 

950  mm  of  water/  season  +  Vikima  varieties 

P4 

192.23  c 

Low 

1150  mm  of  water/  season  +  Vikima  varieties 

P5 

264.20  d 

Medium 

350  mm  of  water/  season  +  Ayumi  varieties 

P6 

117.42  a 

Low 

550  mm  of  water/  season  +  Ayumi  varieties 

P7 

135.42  abc 

Low 

750  mm  of  water/  season  +  Ayumi  varieties 

P8 

176.14  c 

Low 

950  mm  of  water/  season  +  Ayumi  varieties 

P9 

257.58  d 

Medium 

1150  mm  of  water/  season  +  Ayumi  varieties 

P10 

284.09  d 

Medium 

BNJ  5% 

48.08 

Note:  Numbers  are  accompanied  by  the  same  letters  in  the  same  column  are  not  significantly  different  by  HSD  5%.  dap: 
days  after  planting. 


Table  4  shows  that  the  lower  stomatal  density  generated 
by  the  treatment  of  PI,  P2,  P6,  and  P7,  respectively 
amounted  to  111.74,  123.11,117.42,  and  135.42/mm2,  and 
the  fourth  treatment  showed  no  significantly  different  at  p 
=  0.05.  However,  for  the  treatment  of  P7,  the  resulting 
stomatal  density  is  not  significantly  different  from  the 
treatment  of  P3,  P4,  and  P8,  respectively 

172.35, 192.23, 176. 14/mm2,  but  lower  when  compared  to 
the  treatment  of  P5,  P9  and  P10.  In  treatments  P5,  P9,  and 
PI 0  the  highest  stomata  density  was  obtained  compared  to 
the  other  treatments,  each  of  264.20,  257.58,  and  284.09  / 
mm2,  and  all  showed  no  significant  difference  at  p  =  0.05. 
Fig.  1  to  10  present  the  levels  of  stomata  density  from 
various  combinations  of  volume  water  supply  +  varieties. 


Fig. 2:  550  mm  water  supply  /  season  +  Vikima  varieties 
(P2) 


Fig. 3  :  750  mm  water  supply  /  season  +  Vikima  varieties 
(P3) 


Fig.l:  350  mm  water  supply  /  season  +  Vikima  varieties 
(PI) 
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Fig. 4  :  950  mm  water  supply  /  season  +  Vikima  varieties 
(P4) 


Fig. 5  :  1150  mm  water  supply  /season  +  Vikima  varieties 
(P5) 


Fig. 6  :  350  mm  water  supply  /season  +  Ayumi  varieties 
(P6) 


Fig.  7  :  550  mm  water  supply  /season  +  Ayumi  varieties 
(P7) 


Fig.  8  :  750  mm  water  supply  /  season  +  Ayumi  varieties 
(P8) 


Fig. 9  :  950  mm  water  supply  /  season  +  Ayumi  varieties 
(P9) 


Fig.  10  :  1150  mm  water  supply  /season  +  Ayumi  varieties 
(P10) 

3.1.2  Agronomic  observations 

3. 1.2.1  Root  length ,  Leaf  surface  area ,  Total  dry  weight 
of  plants 

There  was  a  significant  effect  at  p  =  0.05  of  the 
combination  treatment  of  water  supply  and  varieties  on  the 
measurement  of  root  length,  leaf  surface  area,  total  dry 
weight  of  plants  at  harvest  as  presented  in  Table  5. 
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Table  5.  The  average  root  length ,  leaf  surface  area,  total  dry  weight  of  plants  in  various  combination  treatment  of  water 

supply  and  varieties  at  harvest  (60  daps) 


Treatment 

Code 

The  average  root  length,  leaf  surface  area,  total  dry 
weight  of  plants  at  harvest 

Root  length  Leaf  surface  Total  dry 

(cm)  area(cm2)  weight  (g) 

350  mm  of  water/  season  +  Vikima  varieties 

PI 

5.33  a 

452.82  a 

9.36  a 

550  mm  of  water/  season  +  Vikima  varieties 

P2 

7.17  ab 

564.83  ab 

12.03  a 

750  mm  of  water/  season  +  Vikima  varieties 

P3 

9.00  bed 

795.85  bed 

18.08  b 

950  mm  of  water/  season  +  Vikima  varieties 

P4 

9.67  cd 

858.80  d 

20.89  b 

1150  mm  of  water/  season  +  Vikima  varieties 

P5 

10.17  d 

1357.86  e 

26.78  c 

350  mm  of  water/  season  +  Ayumi  varieties 

P6 

6.67  a 

520.24  a 

10.89  a 

550  mm  of  water/  season  +  Ayumi  varieties 

P7 

7.33  ab 

559.43  ab 

11.22  a 

750  mm  of  water/  season  +  Ayumi  varieties 

P8 

9.00  bed 

843.43  cd 

19.60  b 

950  mm  of  water/  season  +  Ayumi  varieties 

P9 

10.0  d 

1262.35  e 

21.32  b 

1150  mm  of  water/  season  +  Ayumi  varieties 

P10 

12.5  e 

1797.05f 

35.54  d 

HSD  5% 

2.28 

254.27 

5.18 

Note:  Numbers  are  accompanied  by  the  same  letters  in  the  same  column  are  not  significantly  different  by  HSD  5%.  dap: 
days  after  planting. 


Table  5  shows  that  shorter  roots  were  obtained  at 
treatments  PI,  P2,  P6,  and  P7,  respectively  5.33,  7.17, 
6.67,  and  7.33  cm.  Although  for  the  treatment  P2  and  P7, 
root  length  produced  is  not  significantly  different  at  p  = 
0.05  with  treatment  P3  and  P8,  respectively  along  9  cm. 
While  the  root  length  produced  by  the  treatment  is  also 
not  significantly  different  from  the  treatment  P4,  P5,  and 
P9,  respectively  along  9.67,  10:17,  and  10.0  cm.  Although 
the  root  length  generated  by  the  third  treatment  is  still 
longer  when  compared  with  the  treatment  PI,  P2,  P6,  and 
P7.The  longest  root  was  obtained  at  treatment  P10,  which 
is  12.5  cm. 

Table  5  also  shows  that  a  narrower  leaf  surface  area 
was  obtained  in  treatments  PI,  P2,  P6,  and  P7,  and  the 
four  treatments  showed  no  significant  difference  at  p  = 
0.05.  The  leaf  surface  area  was  452.82,  564.83,  520.24 
and  559.43  cm2,  respectively.  However,  for  P2  and  P7 
treatments,  the  leaf  surface  area  produced  was  not 
significantly  different  from  P3  treatment,  which  was 
795.85  cm2.  While  for  the  P3  treatment,  the  leaf  surface 
area  produced  was  also  not  significantly  different  from 
the  P4  and  P8  treatments,  respectively  858.80  cm2  and 
843.43  cm2.  While  for  the  P3  treatment,  the  leaf  surface 
area  produced  was  also  not  significantly  different  from 
the  P4  and  P8  treatments,  respectively  858.80  cm2  and 
843.43  cm2,  although  these  results  were  still  higher  than 


the  treatments  PI,  P2,  P6,  and  P7.  Treatment  of  P5  and 
P9,  leaf  surface  area  produced  was  not  significantly 
different  at  p  =  0.05,  but  it  was  wider  when  compared  to 
other  treatments,  except  for  treatment  P10.  The  most 
extensive  leaf  surface  was  obtained  in  treatment  P10, 
which  is  an  area  of  1797.05  cm2.  In  the  measurement  of 
the  total  dry  weight  of  plants,  the  highest  yield  was 
obtained  in  treatment  P10,  which  amounted  to  35.54  g  / 
plant,  then  followed  by  treatment  P5,  which  amounted  to 
26.78  g  /  plant.  While  the  lower  one  was  obtained  at 
treatments  PI,  P2,  P6,  and  P7,  respectively  9.36,  12.03, 
10.89,  and  11.22  g  /  plant.  The  same  thing  was  also  found 
in  the  treatments  of  P3,  P4,  P8,  and  P9,  respectively 
18.08,  20.89,  19.60,  and  amounting  to  21.32  g/plant. 
Table  5  can  also  be  explained  that  the  volume  of  water 
supplied  various  varieties  Ayumi  able  to  provide  better 
results  than  Vikima  varieties.  Although  statistically, 
significant  differences  do  not  occur  in  all  treatments  for 
water  treatment,  except  for  treatments  P5  and  P10. 
However,  there  is  a  tendency  that  the  value  of  Ayumi 
generally  higher  than  Vikima  varieties  at  various 
observation  variables  such  as  root  length,  leaf  surface 
area,  as  well  as  the  total  dry  weight  of  the  plant. 
Differences  in  response  to  both  varieties  as  shown  in  Fig. 
11  to  13. 
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Volume  of  water  supply 
(mm  season) 


Fig.  11 :  The  response  of  the  two  red  beetroot  varieties  to 
the  root  length  at  various  volumes  of  water  supply 


Volume  of  water  supply  (mm  season) 


Fig.  13 :  The  response  of  the  two  red  beetroot  varieties  to 
the  total  dry  weight  of  plant  at  various  volumes  of 
water  supply 


3. 1.2.2  Tuber  fresh  weight/plant 

Fresh  weight  of  tubers  /  plant  affected  by  the 
treatment  of  the  water  supply  volume  and  varieties. 
Average  fresh  weight  of  tuber  /  plant  at  different  volume 
of  water  supply  and  varieties  are  presented  in  Table  6. 


Fig.  12:  The  response  of  the  two  red  beetroot  varieties  to 
the  leaf  surface  area  at  various  volumes  of  water 
supply 


ISSN:  2456-1878 

https://dx.doi.org/10.22161/iieab.52.18 


444 


Journal  of  Environment  International Agriculture  and  Biotechnology ,  5(2) 
Available:  h ttps://ijeab. com/ 


Table  6.  Average  of  tuber  fresh  weight/  plant  in  various  combination  treatment  of  water  supply  and  varieties  at  harvest  (60 

daps ) 


Treatment 

Code 

Tuber  fresh  weight/plant 

(g) 

350  mm  of  water/  season  +  Vikima  varieties 

PI 

29.70 

a 

550  mm  of  water/  season  +  Vikima  varieties 

P2 

61.10 

c 

750  mm  of  water/  season  +  Vikima  varieties 

P3 

87.67 

d 

950  mm  of  water/  season  +  Vikima  varieties 

P4 

104.09 

d 

1150  mm  of  water/  season  +  Vikima  varieties 

P5 

144.76 

e 

350  mm  of  water/  season  +  Ayumi  varieties 

P6 

34.31 

ab 

550  mm  of  water/  season  +  Ayumi  varieties 

P7 

57.46 

be 

750  mm  of  water/  season  +  Ayumi  varieties 

P8 

98.31 

d 

950  mm  of  water/  season  +  Ayumi  varieties 

P9 

111.47 

d 

1150  mm  of  water/  season  +  Ayumi  varieties 

P10 

193.78 

f 

HSD  5% 

25.20 

Note:  Numbers  are  accompanied  by  the  same  letters  in  the  same  column  are  not  significantly  different  by  HSD  5%.  dap: 
days  after  planting. 

Table  6  shows  that  the  highest  fresh  weight  of  tubers  / 
plants  was  obtained  at  treatment  P10,  which  was  193.78  g  / 
plant,  compared  to  other  treatments.  While  the  lower  one 
was  obtained  at  treatments  PI  and  P6,  respectively  29.70 
and  34.31  g  /  plant.  Although  for  the  P6  treatment,  the 
fresh  weight  of  the  tubers  produced  did  not  differ 
significantly  at  p  =  0.05  with  the  P7  treatment  (ie  57.46  g  / 
plant),  and  the  treatment  was  also  not  significantly 
different  from  the  P2  treatment,  which  was  61.10  g  /plant, 
fresh  weight  of  tuber/plant  showed  no  significantly 
different  at  p  =  0.05  for  the  treatment  P3,  P4,  P8,  and  P9, 
respectively  by  87.67,  104.09,  98.31  and  111.47  g  /  plant. 

However,  the  four  results  are  still  higher  than  the 
treatments  PI,  P6,  P2,  and  P7,  although  lower  than  the  P5 
and  P10  treatments  which  have  reached  values  of  144.76 
and  193.78  g  /  plant.  On  the  other  hand  to  evaluate  the 
response  of  each  variety  to  the  fresh  weight  of  tubers/plants 
in  various  water  distributions  is  presented  in  Fig.  14. 


min  mm  mm  mm  mm 
Volume  of  water  supply  (mm  season) 


Fig  14:  The  response  of  the  two  red  beetroot  varieties  to  the 
fresh  weight  of  the  tuber/plant  at  various  volumes  of 
water  supply 


3.2  DISCUSSION 
3.2.1  Chlorophyll  content 

Measurement  of  chlorophyll  content  can  be  used  as 
an  indicator  to  determine  crop  water  shortages.  The  results 
showed  that  the  higher  content  of  chlorophyll-a 
(C55H7205N4Mg)  and  chlorophyll-b  (CssHzoC^^Mg)  was 
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obtained  in  treatments  P5  and  P10.  While  the  lower  one 
was  obtained  in  treatments  PI  and  P6  (Table  3).  The  lower 
chlorophyll  content  produced  by  treatments  PI  and  P6  as  a 
result  of  the  low  level  of  water  availability  for  plants  due  to 
the  low  volume  of  water  supplied.  In  limited  water 
conditions,  there  is  an  inhibition  in  the  process  of 
nitrification.  As  a  result,  the  process  of  conversion  of 
nitrite  (NO2")  to  nitrate  (NO3")  is  disturbed  that  causes  N  to 
be  less  available  for  plants.  On  the  other  hand  with  low 
levels  of  water  availability  also  causes  low  levels  of 
nutrient  solubility  (especially  elements  N,  and  Mg).  This 
has  led  to  low  uptake  of  these  elements  when  the  two 
elements  are  very  important  in  relation  to  the  preparation 
of  chlorophyll  [  1  ] .  Thus  it  can  be  said  that  for  plants  that 
are  in  limited  water  conditions,  chlorophyll  biosynthesis  is 
inhibited.  Chlorophyll  biosynthesis  inhibition  was  also 
fueled  by  the  low  availability  of  carbohydrates,  conditions 
of  temperature  and  light  absorption  [8].  At  high- 
temperature  conditions  such  as  in  the  study  site,  it  will  spur 
an  increase  in  the  rate  of  evapotranspiration  which  causes 
plants  to  experience  a  water  deficit,  especially  for  plants 
that  are  only  watered  as  much  as  350-550  mm/season.  The 
incidence  of  wilting  is  unavoidable,  and  this  is  one  of  the 
physiological  responses  of  plants  that  lack  water.  As  a 
result,  the  rate  of  photosynthesis  decreases,  and  this 
decrease  has  an  impact  on  the  low  assimilate  produced. 
Though  this  assimilate  is  needed  in  chlorophyll 
biosynthesis.  Hence,  when  crops  suffer  from  lack  of  water, 
chlorophyll  biosynthesis  and  carbohydrate  disturbed.  As  a 
result,  the  amount  of  chlorophyll  formed  is  also  low,  as 
presented  in  Table  3.  These  results  are  in  line  with  [13] 
who  found  that  the  ratio  of  chlorophyll  a,  b  in  plants  that 
lack  water  is  lower  (ie,  2.16),  compared  to  the  control 
treatment,  which  reached  3.29  These  results  are  also 
supported  by  the  high  value  of  R2  generated  from  both  the 
regression  equation  (Fig  15).  The  resulting  linear  form  of 
the  equations  illustrates  that  the  level  of  chlorophyll 
content  that  forms  is  determined  by  the  extent  of  the  water 
available  for  plants. 


Fig.  15.  The  relationship  between  the  volume  of  water 
supply  and  the  chlorophyll  content 

3.2.2  Stomata  density 

Table  4  shows  that  a  higher  density  of  stomata  were 
obtained  in  the  treatment  of  P5,  P9  and  P10.  While  the 
lower  was  obtained  in  treatment  PI,  P2,  P6,  and  P7  (Table 
4).  The  lower  density  of  the  stomata  is  closely  related  to 
the  efforts  of  plants  to  reduce  more  water  loss,  especially 
through  the  process  of  transpiration  when  water  is  limited. 
[14  ]  stated  that  some  important  strategies  developed  by 
plants  when  subjected  to  drought  are  to  reduce  the  number 
and  density  of  stomata,  and  stomatal  closing  quickly.  This 
aims  to  reduce  the  amount  of  water  loss  from  the  body  of 
the  plant  through  the  process  of  transpiration.  This  is  in 
line  with  the  results  of  research  by  [4]  who  informed  that 
the  transpiration  rate  in  maize  decreased  by  around  54.21% 
when  it  was  only  watered  by  30-40%  of  field  capacity. 
However,  it  then  showed  an  increase  of  30.24%  (from  30- 
40%  of  field  capacity)  when  it  was  irrigated  as  much  as  70- 
80%  of  field  capacity.  This  means  that  the  decline  in  the 
rate  of  transpiration  is  closely  linked  to  the  low  density  of 
stomata  that  are  generated,  and  the  high  number  of  stomata 
that  experience  closure.  On  the  other  hand,  the  closing  of 
stomata  is  also  caused  by  increased  synthesis  and  release  of 
abscisic  acid  (ABA).  The  presence  of  ABA  in  the  root  is 
caused  by  an  increase  in  pH  in  the  root  xylem  vessels.  As  a 
result,  there  is  an  ABA  flow  from  the  roots  to  the  shoots 
(leaves),  and  ABA  accumulation  in  the  leaves  causes 
stomata  to  close  [  26  ] .  This  statement  is  reinforced  by  the 
results  of  stomata  density  measurements  as  presented  in 
Figures  1  to  10.  The  figure  shows  the  difference  in  stomata 
density  between  treatments.  In  the  provision  of  high  water, 
ranging  from  750  to  1150  mm/season,  both  in  the  Vikima 
and  Ayumi  varieties  (P3-P5  and  P8-P10),  the  level  of 
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stomata  density  produced  is  higher  than  PI,  P2,  P5,  and  P6. 
However,  there  is  a  tendency  that  the  level  of  stomata 
density  in  the  Ayumi  variety  is  higher  than  that  of  the 
Vikima  variety  in  various  volumes  of  water  supply.  This 
indicates  that  the  Ayumi  variety  is  more  adapted  than  the 
Vikima  variety. 

3.2.3  Root  length 

Drought  stress  is  a  term  used  to  state  that  plants  suffer 
from  lack  of  water  due  to  the  limited  water  from  their 
environment,  especially  in  their  growing  media.  The  results 
showed  that  the  longest  root  was  obtained  in  the  P10 
treatment.  Whereas  the  shorter  one  was  found  in  the 
treatments  PI,  P2,  P6,  and  P7  (Table  5).  The  shorter  roots 
produced  by  the  four  treatments  are  as  a  result  of  (1)  the 
low  content  of  chlorophyll  a  and  chlorophyll  b,  (2)  the  low 
level  of  stomata  density,  all  of  which  are  caused  by  low 
levels  of  water  availability  for  plants.  Water  for  plants  not 
only  serve  as  a  solvent,  but  also  plays  a  role  in  regulating 
the  opening  and  closing  of  stomata.  Stomata  will  open 
when  turgor  pressure  from  both  guard  cells  increases. 
While  increasing  the  turgor  pressure  of  the  guard  cells  is 
determined  by  the  entry  of  water  into  the  guard  cells.  When 
guard  cells  take  water  through  osmosis,  guard  cells  will 
swell  causing  stomata  to  open.  The  stomatal  opening  will 
soon  spur  the  photo  synthetic  activity  when  other  factors 
are  also  met.  Therefore,  plants  that  suffer  a  lack  of  water 
will  have  an  impact  on  the  low  assimilate  due  to  closed 
stomata.  As  a  result,  the  rate  of  plant  growth  decreases, 
including  the  process  of  root  development  [26] .  The  shorter 
roots  are  also  caused  by  the  high  obstacles  that  must  be 
passed  by  the  roots  due  to  quite  dense  and  hard  growing 
media  used,  so  it  takes  a  lot  of  energy.  Meanwhile, 
assimilate  available  low.  As  a  result,  the  roots  are  not  able 
to  develop  normally.  [5]  also  found  that  black  potato  plants 
were  irrigated  as  much  as  300  mm/season,  root  length 
produced  shorter,  that  is  42.40  cm,  while  for  crops  to  be 
irrigated  as  much  as  1200  mm/season,  root  length  output 
reached  52.54  cm.  Fig.  11  shows  that  the  Ayumi  variety 
has  a  better  level  of  adaptability  than  the  Vikima  variety  at 
various  volumes  of  water  supply.  Thus,  the  length  of  the 
root  produced  is  generally  longer  than  the  Vikima  variety 

3.2.4  Leaf  surface  area 

Leaves  are  photosynthetic  organs  for  plants.  Therefore, 
leaf  surface  area  needs  to  be  observed  in  this  study.  The 
results  showed  that  the  widest  leaf  surface  was  found  in 
P10  treatment,  which  was  1,797.05  cm2  (Table  5).  This  is 
due  to  the  higher  chlorophyll  content  and  the  longer  root 
formed  (Table  3.5).  The  high  chlorophyll  content  will  spur 
the  rate  of  photosynthesis  due  to  more  light  that  can  be 
captured  by  the  leaf  chlorophyll.  In  addition,  the  absorption 


of  nutrients  by  the  roots  runs  normally  because  the  roots 
are  able  to  develop  normally.  Considering  the  growth  and 
development  of  plants  requires  a  certain  amount  of  energy, 
the  energy  that  formed  in  the  form  of  assimilates  will  be 
used  for  this  process,  including  the  expansion  of  leaves. 
However,  the  increase  in  the  leaf  area  is  not  always 
followed  by  the  increase  in  the  total  dry  weight  of  the 
plant.  The  regression  analysis  proved  the  quadratic 
relationship  between  leaf  area  (X)  with  a  total  dry  weight 
of  plants  (Y)  given  by  an  equation:  Y  =  -  0015  X2+  47.38 
X  -  9347.9;  R2  =  0.99.  This  equation  shows  that  with 
increasing  leaf  area  to  its  optimum  limit,  it  is  still  followed 
by  an  increase  in  the  total  dry  weight  of  plants.  However, 
an  increase  in  leaf  area  above  the  optimum  causes  a 
reduction  in  the  total  dry  weight  of  the  plants  produced. 
Based  on  these  equations,  it  can  be  determined  the 
optimum  leaf  area  for  beet  plants  planted  in  dryland  is 
1,579.33  cm2  with  a  maximum  total  dry  weight  of  28.07  g  / 
plant.  Conversely,  if  crops  suffer  from  lack  of  water, 
whether  caused  by  the  low  volume  of  water  provided  and 
because  of  the  dry  conditions  of  the  atmosphere,  causing  a 
lack  of  imbalance  between  the  rate  of  evapotranspiration 
and  water  availability  levels.  As  a  result,  crops  suffer  from 
water  stress  and  result  in  physiological  and  morphological 
changes  that  may  occur  at  the  molecular  and  cellular  levels 
[16].  Physiological  and  morphological  changes  are  shown 
as  a  result  of  water  stress  is  (1)  a  decrease  in  the  rate  of 
growth  of  plants  due  to  the  low  assimilate  produced,  (2) 
impaired  and  chlorophyll  biosynthesis  inhibition  due  to 
lower  N  and  Mg  uptake  by  plants  is  a  constituent  element 
klorofil  [  1  ].  (3)  The  reduction  of  leaf  surface  area  serves 
to  keep  the  cell  potential  remains  high.  In  this  condition, 
cell  turgidity  remains  high,  so  the  rate  of  water  loss  can  be 
minimized.  This  was  also  proven  in  this  study  which  found 
that  the  narrowest  leaf  surface  area  was  produced  by 
treatments  PI  and  P6,  where  the  water  provided  was  the 
lowest,  ie  350  mm/season  (Table  5).  Reduction  in  leaf 
surface  size  is  actually  a  response  of  plants  when 
experiencing  water  shortages,  namely  by  changing  the  new 
assimilate  distribution,  from  leaves  to  roots.  Besides 
aiming  to  control  the  high  rate  of  transpiration.  The 
purpose  of  the  change  is  to  support  root  growth  in  an  effort 
to  increase  the  capacity  of  water  absorption  by  plant  roots 
[22].  Fig.  12  shows  that  the  Ayumi  variety  showed  better 
growth  than  the  Vikima  variety  in  various  water  supplies. 
This  indicates  that  the  Ayumi  variety  is  more  tolerant  than 
the  Vikima  variety. 

3.2.5Total  dry  weight  of  plants 

In  this  study,  the  highest  total  dry  weight  of  plants  was 
obtained  in  the  P10  treatment,  amounting  to  35.54  g  /  plant. 
While  the  lower  is  obtained  in  the  treatment  of  PI,  P2,  P6, 
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and  P7  (Table  5).  The  lower  total  dry  weight  of  the  plants 
produced  is  related  to  (1)  lower  chlorophyll  a-b  formation 
(Table  3),  (2)  narrower  surface  area  of  the  leaves  produced 
(Table  5),  (3)  shorter  roots  (  Table  5),  and  (4)  lower  levels 
of  stomata  density  produced  (Table  4).  When  the  four 
factors  necessary  to  the  plant  is  limited,  then  the  limitations 
that  will  restrict  the  growth  and  development  of  plants  [15, 
1].  While  the  total  dry  weight  of  plants  is  a  function  of 
growth,  and  when  the  plant  growth  process  is  disrupted,  the 
total  dry  weight  of  the  plants  produced  is  also  low  due  to 
the  non-maximum  function  of  each  plant  organ  [23]. 
These  results  concur  with  those  of  [20]  were  informed  that 
the  taro  plants  watered  as  much  as  500  mm  of 
water/season,  total  dry  weight  of  plants  produced 
amounted  to  9.53  g  /  plant,  and  this  value  is  73.95%  lower 
than  the  with  irrigated  as  much  as  1000  mm/season 
reached  36,59 g/  plant.  Regression  analysis  also  proved  the 
existence  of  a  linear  relationship  between  water 
requirements  (X)  and  total  plant  dry  weight  (Y)  through  the 
following  equation:  Y  =  0.014  X  +  0.08,  R2  =  0.94.  The 
high  coefficient  of  determination  which  reached  94 
indicates  that  the  total  dry  weight  of  plants,  94%  is 
determined  by  wate  Fig.  13  shows  that  in  general,  the  total 
dry  weight  of  plants  produced  by  the  Ayumi  variety  is 
higher  at  various  volumes  of  water  supply  than  the  Vikima 
variety.  This  indicates  that  the  Ayumi  variety  is  more 
adaptive  than  the  Vikima  variety. 

3.2.6  Tuber  fresh  weight  /  plant 

The  economic  yield  of  red  beet  plants  in  the  form  of 
tubers,  and  based  on  this  study  it  was  found  that  the  highest 
fresh  weight  of  tubers/plants  was  obtained  at  P10 
treatment,  which  was  193.78  g  /  plant.  While  the  lower  was 
found  in  treatment  PI  and  P6  (Table  6).  The  lower  tuber 
weight  is  due  to  the  lower  content  of  chlorophyll  a-b 
produced  (Table  3),  the  lower  density  of  stomata  formed 
(Table  4),  the  shorter  root  produced  (Table  5),  the  narrower 
surface  area  of  leaves  (Table  5)  ),  all  of  which  are 
important  factors  and  determine  the  development  of  a 
plant.  As  a  result,  the  physiological  processes  of  plants  are 
disturbed,  especially  photosynthesis.  Obstructed  and 
disruption  of  this  process  will  result  in  a  low  assimilate 
formed.  Whereas  assimilate  is  the  main  energy  source  for 
the  plant.  [14  ]  states  that  the  energy  that  is  formed  will  be 
used  for  energy  growth,  as  energy  reserves,  and  partly  to 
be  stored  in  the  sink  which  is  an  economic  yield  of  plants 
(tubers).  Given  the  importance  of  the  assimilate  function,  it 
causes  the  plants  to  have  limitations  as  mentioned  above, 
resulting  in  disruption  of  plant  physiological  processes, 
especially  photosynthesis  which  finally  has  disrupted  the 
process  of  forming  and  filling  the  bulbs  [2].  It  becomes 
reasonable  when  treatment  PI  and  P6,  the  fresh  weight  of 


tuber/plant  produced  low.  In  addition,  the  tuber  weight  is 
also  determined  by  the  level  distribution  of  assimilates 
from  the  source  to  the  sink  (bulb)  can  be  measured  through 
a  formula  EY/TDW  [21].  EY  is  tuber  dry  weight,  while 
TDW  is  total  plant  dry  weight,  and  based  on  this  study  it 
was  found  that  higher  EY  /  TDW  was  obtained  in 
treatments  P5  and  P10,  respectively  64.04%  and  65.31%. 
This  indicates  that  approximately  64-65%  of  the  total 
assimilated  generated  has  been  allocated  to  the  tuber.  As 
for  the  PI  treatment  only  reaches  43.06%  and  amounted  to 
50.81%  for  the  treatment  of  P6.  This  has  led  to  a  lower 
fresh  weight  of  tubers/plant  on  care  PI  and  P6  respectively 
reaching  only  29.70  and  34.31  g  /  plant.  These  results 
concur  with  those  of  [  20  ]  on  taro  plants  which  showed 
that  the  irrigation  of  500  mm/season,  the  EY/TDW  only 
reach  of  0.12%,  while  the  irrigation  of  1,500  mm/season, 
the  EY/TDW  irrigation  reaches  approximately  0.19%. 
Fig.  14  shows  that  the  Ayumi  variety  has  a  better  response 
to  various  water  supply  volumes  to  the  fresh  weight  of 
tubers/plants  than  the  Vikima  variety.  Although 
statistically,  not  all  treatments  are  able  to  produce 
significant  differences.  However,  the  fresh  weight  of 
tuber/plant  produced  by  Ayumi  varieties  has  a  higher 
tendency  than  Vikima  varieties. 

IV.  CONCLUSION 

Based  on  these  results,  it  can  be  concluded  that  in  order 
to  get  the  best  plant  growth,  the  highest  yield,  as  well  as 
the  best  physiological  aspects  of  red  beet  plants  planted  in 
the  dry  land,  it  needs  irrigation  as  much  as  1150  mm  of 
water/season  by  using  the  Ayumi  variety  (P10). 
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